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ABSTRACT
MODFLOW and BIOMOC were used to simulate transport and biodegradation of 
benzene in the alluvial aquifer adjacent to the Chena River. MODFLOW was used to 
calculate ground water fluxes at the boundaries of the BIOMOC model, which was used 
to model transport and biodegradation of benzene. A benzene plume located 300 ft. 
southeast of the study site is superimposed onto the cross-sectional model of the study 
area. Only saturated zone processes were modeled. Anaerobic biodegradation was the 
only simulated biodegradation process. The simulation shows 0.003% of the theoretical 
benzene entering the saturated zone is biodegraded, 0 .6% is adsorbed by solids, and 
99.4% leaves the model boundaries. The simulation predicts theoretical concentrations 
of benzene are 2 to 8 pg/1 when discharging into the river. Field data do not support this 
finding. Processes not simulated, such as aerobic degradation at the water table, may 
make significant contributions toward limiting benzene transport.
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1. INTRODUCTION
Transient hydraulic conditions significantly affect the ground water system along 
the Chena River, Ft. Wainwright, Alaska (Figure 1). These dynamics can influence the 
natural attenuation of contaminants by many processes. Natural attenuation of 
contaminants includes mechanisms of biodegradation, sorption, dilution, volatilization, 
dispersion and advection. These processes can occur simultaneously, which presents a 
complex system of variables to be determined. BIOMOC is a two-dimensional 
multispecies reactive solute-transport model which can simulate sequential aerobic and 
anaerobic degradation processes. BIOMOC was used to simulate benzene transport and 
biodegradation adjacent to the Chena River during transient hydraulic conditions.
MODFLOW is a finite-difference ground-water flow model. Nakanishi and Lilly 
(1998) used MODFLOW to estimate aquifer properties by numerically simulating ground 
water and surface water interactions at Ft. Wainwright, Alaska during 1995. This two­
dimensional cross-sectional model is used to simulate the ground water and surface water 
interactions for 1996 through 1998. The ground water flux rates and hydrologic 
properties resulting from these simulations were used for BIOMOC boundary conditions. 
This allowed simulations of benzene transport and biodegradation in the study area. 
Hydrologic and geochemical data collected between 1995 and 1998 field seasons were 
used for model input and quality-assurance testing. Data-collection sites are located 
adjacent to the Chena River at Operative Unit 5, Ft. Wainwright, Alaska (Figure 2).
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2Base from U.S. Geological Survey, Fairbanks D - 2  
(NE, NW, SW, SE), Alaska, 1:25,000, 1992.
Figure 1. Location of Ft. Wainwright, Alaska.
1.1 Purpose and Scope
The purpose of this study was to interpret the effects of Chena River interactions 
with groundwater on the transport and biodegradation of benzene in the adjacent alluvial 
aquifer. The objective was to determine whether anaerobic biodegradation is a viable 
option for remediation of benzene contamination close to the Chena River at Ft. 
Wainwright. MODFLOW was used to calculate ground water fluxes in the system.
3BIOMOC was used to model transport and biodegradation of benzene in the saturated 
zone adjacent to the river.
Figure 2. Aerial photograph of Ft. Wainwright.
Mass interactions between the Chena River and ground-water are monitored by 
several monitoring wells oriented perpendicular to the river. Continuous water-level 
stations help illustrate changes in hydraulic head and hydraulic gradient adjacent to the 
Chena River. Changes in temperature at depth continuously measured by thermistor 
strings determine the vertical and horizontal extent of bank recharge. These data were
used to determine the accuracy of MODFLOW output used for BIOMOC boundary 
conditions to simulate ground water and surface water mass interactions.
Limited data is available concerning in-situ biodegradation of benzene 
contamination at Ft. Wainwright. Estimates based on literature values and field 
measurements were used to define biodegradation parameters. Benzene concentrations 
measured in the field adjacent to the model domain were used for BIOMOC model input 
(CH2M Hill, 1999). BIOMOC interprets the effects of transient hydraulic conditions on 
the transport and anaerobic biodegradation of benzene in the ground water close to the 
Chena River at Ft. Wainwright, Alaska.
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2. MODFLOW AND BIOMOC STUDY SITES
Nakanishi and Lilly's MODFLOW cross-sectional model (1998) represents a slice 
of the aquifer that is located approximately 1000 ft. downstream to the west of the 
BIOMOC study site (Figure 3). The two sites are oriented perpendicular to the river to 
observe the pressure waves caused by instantaneous changes in Chena River stage. The 
MODFLOW study site uses wells extending 8,800 ft. from the river bank. This allowed 
Nakanishi and Lilly to model the pressure wave with increasing distance from the river 
and estimate aquifer properties based on the attenuation of the pressure wave. A detailed 
description of the MODFLOW study site and model results is provided in the USGS 
Water-Resources Investigations Report 98-4088.
The BIOMOC study site extends approximately 275 ft. from the river. This 
smaller section was chosen to observe the ground water and surface water mass 
interactions. Clusters of sampling wells drilled to different depths give a representation 
of the portion of the aquifer interacting with the Chena River. As the Chena River stage 
changes, the sites located along the BIOMOC cross-sectional study site show the amount 
and extent of bank recharge with changes in ground water chemistry and temperature at 
depth.
The study site represented by the BIOMOC model is not contaminated with 
benzene. A benzene plume located 300 ft. southeast of the study site is superimposed 
onto the cross-sectional model of the study area. Hydrologic and geochemical data 
collected between 1995 and 1998 are used for establishing initial conditions and testing 
quality assurance. In order to simulate contaminant recharge from the vadose zone to
5
maintain superimposed field measurements of benzene concentrations, a concentration of 
20  pg/1 benzene is included with the variable ground water flux at the south end of the 
BIOMOC cross-section.
6
7Figure 3. The MODFLOW and BIOMOC model cross-section study sites; hydrologic 
data-collection sites; actual and theoretical benzene contamination.
3. BACKGROUND
3.1 Geohydrology
Fort Wainwright is located east of Fairbanks in interior Alaska. The Chena 
River flows throughout Ft. Wainwright and Fairbanks and converges with the Tanana 
River southwest o f Fairbanks. An overview of the hydrology and geohydrology of the 
Tanana Basin was reported by Anderson (1970) and Nelson (1978). The western and 
central Tanana Basin is bounded on the north by the Yukon-Tanana Upland, and on the 
south by the Alaska Range. Ft. Wainwright is located at the southern edge of the 
uplands. Anderson described various geohydrologic map units for the Tanana Basin, and 
defined the basin fill near the Tanana River as a floodplain alluvium unit (1970).
The Chena River stage is dominated by winter snow-melt and late summer storms 
(Glass et al. 1996). In contrast, the Tanana River stage rises primarily during mid­
summer, when glacial melt and high elevation snowmelt is at a maximum. Stage 
changes in the Chena River are typically more transient than those in the Tanana River. 
The Chena River stage varies 6 to 10 feet with spring snowmelt and summer storms 
(Glass et al. 1996). During periods of rapidly rising Chena River stage, such as spring 
snowmelt, ground water flow directions are reversed. Water flows from the Chena River 
into the ground water system when stage levels are higher than surrounding ground water 
levels.
Bank recharge during increased river stages can cause mixing of ground water 
and surface water (Wegner, 1998). Figures 4a and 4b illustrate the conceptual model of a 
bank recharge event. In spring 1997, spring snow-melt increased the discharge of the
8
9Figure 4a. Conceptual model demonstrating ground water flow into the Chena River at low 
stage.
Figure 4b. Conceptual model demonstrating flow gradient reversal, Chena River at high 
stage
UNIVERSITY OF ALASKA FAIRBANKS
Chena River. The result was a four-foot river stage increase. Hinzman et al. (in review) 
show variations in temperature, specific conductance, and alkalinity during this event 
clearly indicate the mass interactions between the Chena River and adjacent water-table 
aquifer. Bank recharge due to hydraulic gradients and density differences were observed 
to occur at 20 ft. from the Chena River. Hydraulic gradient, hydraulic conductivity, and 
bank recharge duration are the greatest contributing factors to the extent of surface water 
inflow into an aquifer during bank recharge events (Squillace, 1996).
Pewe et al. (1976) described the Chena Alluvium formation in the Fairbanks and 
Ft. Wainwright areas. The Chena Alluvium is composed of alternating sands and gravel 
deposited by the Tanana River. The sedimentary facies of the Chena Alluvium is 
laterally and vertically discontinuous, as is typical of braided rivers (Rust 1978).
The floodplain deposits have been reported to be more than 600 ft (183 m) near 
Moose Creek Dam by Glass et al. (1996) and approximately 300 ft (~47 m) below the 
Chena River (Nakanishi and Lilly, 1998). Little is known about the surface o f the 
underlying contact between bedrock and alluvium. Numerous intrusives and hills made 
up of Fairbanks Schist and other Yukon-Tanana Terrane units project out of the alluvial 
deposits (Newberry et al. 1996; Pewe 1958; Robinson et al. 1990). These basin structural 
features indicate that the interface between bedrock and alluvium is discontinuous with 
respect to elevation. There is potential for bedrock highs that are not exposed above the 
alluvial land surface. Pewe and Bell described the occurrence o f permafrost in the near 
surface (1975). Lawson et al. have described subsurface permafrost occurrences in 
selected areas of Ft. Wainwright (1993, 1994). The occurrence of permafrost at depth in
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the Chena Alluvium, in the Ft. Wainwright area, has not been described in enough detail 
to define the post-wide distribution of permafrost. The alluvium/bedrock interface used 
in the BIOMOC model grid was adopted from Nakanishi and Lilly (1998).
3.2 Biodegradation Background
The specific compounds that can be biodegraded and the rates o f biodegradation 
depend strongly on the aquifer reduction-oxidation conditions and microbiological 
inhibition factors. Field data suggest insufficient oxygen is present in the ground water 
o f the Chena Alluvium aquifer to mineralize contaminants aerobically resulting in 
predominantly anaerobic conditions (Braddock et al. 1998). During periods of increased 
river stage, influx of fresh surface water into the ground water system does not affect the 
concentration of oxygen and, subsequently, the reduction-oxidation conditions (Wegner, 
1998). Although BIOMOC is capable o f calculating all aerobic and anaerobic 
biodegradation processes simultaneously, only anaerobic processes are accounted for in 
the model.
3.3 Governing Equations
Essaid and Bekins (1997) provide a detailed description of the BIOMOC model 
code. Details o f numerical methods implemented for solving the flow and transport 
equations are fully described by Konikow and Bredehoeft (1978). The following 
subsections are a summary of the flow, transport, and biodegradation equations of the 
models presented in this thesis.
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3.3.1 Flow Equation
The equation describing transient two-dimensional flow of a homogeneous 
compressible fluid through a nonhomogeneous anisotropic aquifer is:
Where:
S = storage coefficient (dimensionless) 
h = hydraulic head (L) 
t = time (T)
Kjk = hydraulic conductivity tensor (LT'1) 
b = aquifer thickness (L)
W = source fluid flux (positive for outflow, negative for inflow) expressed as 
volume per unit area per unit time (L T 1)
Xj = cartesian coordinate (L)
Xk = cartesian coordinate (L)
By Darcy's law, the average linear flow velocity in the xj direction is given by:
Where:
e = effective porosity (dimensionless)
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3.3.2 Transport Equation
The two-dimensional transport solved for each solute species is:
=  i B
'd t
? W ( C . - C )
v j w c ^ — r ~ R ^ c r B i  j ,k=1,2
r  j
Where:
Ci = concentration of the /th solute (ML'3)
Ri = retardation factor for the /th solute 
Djk = dispersion tensor (L2T '')
C'i = concentration of the /th solute in the source fluid (ML*3) 
h  = first order decay rate constant (T '1) for the /th solute (half life (In 2)/X) 
Bj = biodegradation reaction term (ML'3! ' 1)
3.3.3 Biodegradation Equation
The total uptake of solute / is given by the summation o f the uptake for all 
simultaneously occurring biodegradation processes:
N
■ I  Pfv" ■
n = 1
Where:
N = total number of biodegradation processes
vn = uptake rate of substrate by biodegradation process n (ML'3T_1)
14
Pin = uptake coefficient of solute i for biodegradation process n
3.4 Review of Model Assumptions
The following is a list of assumptions inherent in BIOMOC (Essaid and Bekins,
1997). .
1. Flow in only two dimensions is considered.
2. Darcy's law is valid.
3. Porosity and hydraulic conductivity are constant with time, and porosity is uniform in 
space.
4. Gradients of fluid density, viscosity and temperature do not affect the velocity 
distribution.
5. Fluid and aquifer properties are not affected by the reactions that occur.
6 . Ionic and molecular diffusion are neglected.
7. The aquifer is homogeneous and isotropic with respect to longitudinal and transverse 
dispersivity.
8 . Only the dissolved solute undergoes biodegradation.
9. There is no microbial transport, and the biomass concentration does not drop below the 
specified initial concentration.
10. A macroscopic approach has been used to represent biodegradation. Biophase 
diffusion is neglected.
4. LITERATURE REVIEW
4.1 Ground Water and Surface Water Interactions
Ground water and surface water interactions have been measured at Ft. 
Wainwright since spring 1997. The Chena River stage fluctuations have been 
uncharacteristically low throughout the course of this study as compared to the previous 
30 years of historical data. Hinzman et al. (in review) used changes in temperature, 
dissolved oxygen, pH, specific conductance and alkalinity at different depths to 
determine the vertical and horizontal extent of bank recharge during spring melt. The 
river rose 4.25 ft. (1.28 m) in the span of about three days during 1997 spring melt. As 
the Chena River rose, the stage level soon overcame the ground water level close to the 
river and surface water entered the ground water system. The ground water gradient 
reversal was sustained for a period of one week. Changes in temperature due to the 
influx of colder surface water were greatest between 14 ft. (4.23 m) and 28 ft. (8.46 m) 
below the ground surface. Specific conductance and alkalinity results showed that during 
the spring melt event, river water recharged the aquifer between depths of 17.5 ft and 30 
ft (-5.29 m and -9.1 m, respectively). The majority of influx occurred between 17.5 ft. 
and 25 ft. (-5.29 m and -7.55 m, respectively). Alkalinity and specific conductance 
measurements showed the greatest change at 22.5 ft. ( - 6.8  m) below the ground surface. 
The percentage of ground water replaced by surface water was determined with the 
following equation.
15
(Po-Pi)
G W disp laced{% )  =  7 -
( P o - P r )
Where:
GWdiSpiace(j = Percent of groundwater displaced by surface water
Po = Parameter measured prior to event
Pi = Parameter measured at its greatest change
Pr = Parameter measured at river
Wegner (1998) estimated that 64 to 68 percent of ground water at the measuring point 20 
ft. (6.1 m) from the river was replaced by surface water during the bank recharge event. 
Alkalinity and specific conductance measurements were made two days after the highest 
stage recorded during the snow-melt event. These field measurements may 
underestimate the percentage of mixing during the snow-melt event.
Squillace et al. (1996) studied the Cedar River in Iowa to determine the 
infiltration of surface water into the adjacent aquifer during high-stage events. Surface 
water displaced ground water to an extent of 100 ft. (-30.21 m) and a depth of 20  ft. 
(-6.04 m) during peak river stage events. Seventy percent of the water moved through 
the riverbed and thirty percent through the riverbanks. Numerical simulations showed 
influx of surface water to an extent of 100 ft. (30.21 m) and a depth of 13 ft. (3.93 m).
The high river stages resulting in ground water gradient reversal lasted two weeks. The 
maximum stage changes on the Chena River are higher than those on the Cedar River.
The hydraulic conductivity o f the Chena Alluvium is at least three times greater.
However, the storm peaks and snow-melt events have shorter duration. Given the 
differences between the Chena Alluvium and the Cedar River Aquifer, it is expected that 
the Chena River water would infiltrate into the adjacent aquifer greater than 100 ft.
16
(30.21 m) from the river. Numerical simulations that include typical river stages and 
atypical river stages of the Chena River are necessary to fully understand ground water 
and surface water mass interactions.
Nakanishi and Lilly (1998) used MODFLOW to simulate ground water and 
surface water interactions in order to estimate aquifer properties. The model represents a 
cross-sectional slice of Chena Alluvium extending perpendicular to the Chena River 
9,000 ft. (~2682 m). The model was calibrated by matching observed water levels to 
simulated water levels during peak flows of the Chena River. Changes in river stage 
were attenuated with distance from the river. At 1000 ft. (305 m) from the river, the rise 
in the water table was approximately 40 percent of the rise in river stage, and 
approximately 10 percent at 9000 ft. (2.7 km). Table 1 lists the estimated aquifer 
properties.
The model simulates horizontal and vertical flow directions near the river during 
periods of varying river stage. This cross-sectional MODFLOW model is used to define 
boundary conditions in BIOMOC simulations in this study.
17
Table 1. Estimated values of geohydrologic properties for Chena Alluvium and bedrock
18
near Fairbanks, Alaska (Nakanishi and Lilly, 1998).
Parameter Estimated value 
corrected for river 
geometry effects 
(English units)
Estimated value 
corrected for 
river geometry 
effects 
(SI units)
Riverbed conductance 350 ft2/d 33 nf7d
Chena Alluvium
Vertical hydraulic conductivity (K v) 20  fit/d 6 m/d
Horizontal hydraulic conductivity (Kh) 400 ft/d 122 m/d
Anisotropy (K v /K h) 1:20 1:20
Assumed value 
(English units)
Assumed value 
corrected for 
river geometry 
effects 
(SI units)
Specific Yield (Sv) 0.25 0.25
Specific Storage (Ss) lxlO "6 lxlO "6
Diffusivity (Kh /Sv) 1,600 ft/d 488 m/d
Bedrock Units
Vertical hydraulic conductivity (K v) 0.005 ft/d 0 .002  m/d
Horizontal hydraulic conductivity (Kh) 0.10  ft/d 0.03 m/d
Specific Storage (Ss) l x l 0 ‘6 lxlO '6
4.2 Benzene Transport and Biodegradation
Lilly and others (1996) offer a discussion on solute transport in the Railroad 
Industrial Area, Fairbanks, Alaska. Advection, dispersion, and molecular diffusion 
combine effects to transport contaminants and increase the spatial dimensions of plumes. 
Advection is the macro-scale transport o f dissolved constituents by the motion of flowing 
ground water. Longitudinal dispersion is the spreading of solutes in the principal 
direction of flow due to differences in the velocity flow field. Transverse dispersion is
the spreading of solutes perpendicular to the direction of flow due to differences in the 
velocity flow field. The reduction of solute transport is also affected by sorption 
processes. Organic compounds have a low affinity for water and adsorb onto the mineral 
surfaces of aquifer material or partition into naturally occurring organic matter. All of 
these factors are accounted for in the BIOMOC model simulations. Transverse and 
longitudinal dispersion are assumed by BIOMOC to be isotropic. The linear sorption 
distribution coefficient for benzene is estimated to be 0.093 ft3/pg (Essaid and Bekins,
1998).
Benzene is the most recalcitrant of the aromatic hydrocarbons to biodegrade and 
the most soluble. For this reason, the in-situ biodegradation o f benzene in the Ft. 
Wainwright area is important to study. In 1994, Harding Lawson Associates analyzed 
ground water samples from the East Quartermasters Area for chlorinated hydrocarbons 
and BTEX (benzene, toluene, ethylbenzene, and xylenes) in 27 small-diameter wells 
(Harding Lawson Assoc., 1995). From 1995 to 1998, USGS and UAF-WERC measured 
benzene concentrations in the same area where an underground fuel storage tank had 
been contaminating the ground water for at least 20 years (McCarthy et al. 1998). 
Concentrations of benzene ranged from 27 pg/1 to 0 pg/1 in the saturated zone (CH2M 
Hill, 1999). Contaminant concentrations measured adjacent to the study site are listed in 
table 2 .
Natural attenuation of chlorinated hydrocarbons has been observed 500 ft. (~150 
m) up river of the study site (McCarthy et al., 1998) and benzene concentrations in the 
area appear to be stable. The presence of other contaminants, such as toluene,
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ethylbenzene, and xylenes, in the area are most likely inhibiting the natural attenuation of 
the minor benzene concentrations (White, personal comm., 2000). The rate of benzene 
biodegradation in the vadose zone (smear zone) is unknown. Also, the input rate of 
benzene from the smear zone into ground water is unknown. Estimates based on benzene 
concentrations measured in ground water adjacent to the model domain are used to define 
a theoretical contaminant source at the water table interface in the BIOMOC model. The 
BIOMOC model is unable to simulate a smear zone or any reactions in the vadose zone.
CH2M Hill (1997) has done extensive ground water and solute transport 
modeling in the OU5. The primary objective of their modeling efforts is to support 
decision-making at remedial sites. MODFLOW was used to construct an areal ground 
water flow model for the Building 1060 area in OU5 on Ft. Wainwright. Model 
calibration compared simulated water levels with those measured in the field. Transient 
changes in Chena River stage were incorporated in the model by calibrating the model to 
water levels measured from June 20 to July 20, 1995. Historic Chena River data was 
used to produce monthly average river stage levels. Monthly time steps were used to 
predict 25 years of ground water flow. Monthly average stage elevations of the Chena 
River are lower than instantaneous peak values. Monthly averages are also imposed in 
the model for a longer period of time (30 days) than peak fluctuations last (4 to 5 days) 
(CH2M Hill, 1997).
CH2M Hill evaluated several remedial options for benzene contaminated aquifer 
material using solute transport code MT3D96. One remedial option evaluated was the
20
natural attenuation of benzene in the building 1060 area. Natural attenuation in this case 
is chemical degradation, which is the half-life for benzene assumed to be 1.9 years.
21
Table 2. Contaminant concentrations measured near the study site (CH2M Hill, 1999).
Well I.D. Date DRO
■;T k
GRO
(ppb)
B(ppb) E (ppb) T (ppb) X (ppb)
FWM7485 Dec-97 310 ND ND ND ND ND
FWM7485 Apr-99 ND ND ND ND ND ND
FWM7486 Dec-97 300 ND 6.9 ND ND ND
FWM7486 Apr-99 280 ND 8.0 ND ND ND
FWM7487 Dec-97 530 93 6.0 ND ND ND
FWM7487 Apr-99 500 160 15 ND ND ND
FWM7488 Dec-97 430 20 0.43 ND ND ND
FWM7488 Apr-99 ND ND ND ND ND ND
FWM7489 Dec-97 590 200 21 ND ND ND
FWM7489 Apr-99 620 180 8.0 ND ND ND
FWM7490 Dec-97 550 130 1.7 ND ND ND
FWM7490 Apr-99 600 250 13 ND ND ND
FWM7491 Dec-97 360 90 6.5 ND 0.73 0.5
FWM7491 Sep-98 ND ND ND ND ND ND
FWM7491 Apr-99 390 170 9.0 ND ND ND
FWM7492 Dec-97 NA 25 ND ND ND ND
FWM7492 Apr-99 ND ND ND ND ND ND
FWM7493 Dec-97 320 120 1.7 1.6 8.9 7.9
FWM7493 Apr-99 280 ND ND ND ND ND
FWM6894 Sep-94 340.0 430.0 27.0 ND ND ND
FWM6894 Sep-95 173.0 175.0 18.0 0.4 0.6 0.13
FWM6894 Sep-98 320.0 130.0 11.0 0.1 0.2 • ND
FWM6894 Apr-99 360.0 290.0 25.0 ND 2.0 ND
FWM7072 Sep-95 46.0 31.0 ND ND ND ND
FWM7072 Apr-99 ND ND 1.0 ND ND ND
FWM7073 Sep-95 109 284 1.2 0.2 ND 1.0
DRO, Diesel-Range Organics 
GRO, Gasoline-Range Organics 
B, Benzene 
E, Ethylbenzene 
T, Toluene 
X, Xylene
Actual half-life values that will occur at the site depend on the availability of electron 
acceptors. After approximately eight years of transport, the simulated mass flux of 
benzene stabilizes at about 0.4 gal/day. CH2M Hill reported that 80 percent of benzene 
in the aquifer is chemically degraded before it enters the Chena River (1997).
A study of the anaerobic biodegradation of benzene, toluene, ethylbenzene, and 
xylene isomers in aquifer material was conducted by Borden et al. (1997) in Michigan 
and North Carolina. It was found that benzene, toluene, ethylbenzene, and the xylene 
isomers (BTEX) are anaerobically biodegradable under ambient subsurface conditions 
using ferric iron, sulfate and/or carbon dioxide as terminal electron acceptors. The 
observed order o f biodegradation varied between the two sites studied with toluene being 
the most rapidly biodegraded compound. The more easily biodegraded compounds 
(toluene, o-xylene, m-xylene) appeared to biodegrade to low but detectable (1 0 -3 0  p.g/1) 
concentrations after which biodegradation slowed or stopped. It is unknown if 
biodegradation of these compounds will continue once the more recalcitrant compounds 
are depleted. Borden et al. (1997) found that in order to accurately simulate the 
anaerobic biodegradation of individual BTEX compounds, a model that includes two 
variables will be required: ( 1) the lag period prior to biodegradation, and (2 ) the rate of 
biodegradation. The contamination in the OU5 area on Ft. Wainwright has been residing 
in the aquifer material for at least 20 years, thus a lag period has already occurred. The 
rate benzene biodegrades at OU5 on Ft. Wainwright is unknown. Borden et al. (1997) 
calculated in-situ decay rates for BTEX compounds averaged over the entire plume at 
Rocky Point, North Carolina and found benzene to decay at a rate o f 0.0002 d '1. It is
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assumed in the BIOMOC model simulations that anaerobic microbes in the ground water 
will use ferric iron, sulfate, and/or nitrate as terminal electron acceptors to biodegrade 
benzene at a rate of 0.0002 d’1. A yield of 0.2 and a half-saturation constant of 1 mg/1 are 
assumed in the BIOMOC model. These values were used in the BIOMOC model to 
define anaerobic biodegradation of benzene in the alluvial aquifer material. Table 3 lists 
the BIOMOC input parameters.
Braddock and others (1998) assessed the potential for biodegradation of 
petroleum hydrocarbons in the Railroad Industrial Area, Fairbanks, Alaska. This area is 
approximately 1.5 miles (2.5 km) downstream from Ft. Wainwright. The study was 
designed to document that microorganisms from the Railroad Industrial site have the 
potential to transform contaminants under site conditions. Temperature, nutrient 
availability, and the concentration of dissolved oxygen, nitrate, sulfate, and Fe(III) were 
found to control the rate and extent of natural attenuation in contaminated ground water. 
The average temperature of water in wells from the Railroad Industrial Area averages 
between 4 and 5 °C which is similar to conditions on Ft. Wainwright. When the total 
activity of the heterotrophic microbial population was examined after two-day 
incubations in the laboratory at 4, 10, 15, and 22 °C, they found no activity at 4 or 10 °C 
and a large increase of activity between 15 and 22 °C. After a 10-day incubation period, 
microorganisms from contaminated wells were able to completely break down benzene at 
10 °C. Although biodegradation at the site might be increased by nutrient additions, 
naturally occurring nutrients were adequate for microbial breakdown of petroleum 
hydrocarbons in the laboratory. In-situ biodegradation rates of benzene were not
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reported, however, preliminary evidence that chemical species other than oxygen, such as 
sulfate, may contribute to microbial degradation of petroleum contaminants at the 
Railroad Industrial Area. Microbial populations measured in ground water reported by 
Braddock and others (1998) are similar to those used for BIOMOC biomass parameters. 
An initial population of 4300 cells/ml of benzene degraders is assumed in the BIOMOC 
model simulations.
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Table 3. Hydrologic and biodegradation parameters used for BIOMOC input.
Hydrologic parameter Literature values References
Horizontal hydraulic conductivity (K h) 400 ft/day Nakanishi and Lilly
Vertical hydraulic conductivity (K v) 20  ft./day Nakanishi and Lilly
Porosity 0.40 Nakanishi and Lilly
Storage coefficient 1.0 x 10-6 Nakanishi and Lilly
Horizontal dispersivity 6.6 ft. Nakanishi and Lilly
Anisotropy (Ky/KH) 1/20 Nakanishi and Lilly
Biodegradation parameter Literature values
Initial maximum concentration of 
benzene in ground water
27 p g/1 CH2M Hill
Initial maximum concentration of 
benzene in Chena River water
0 pg/1 CH2M Hill
Number o f biodegradation processes 1 Borden et al.
Asymptotic maximum specific uptake 
rate (V max )
0.0002  d ' 1 Borden et al.
Assumed values
Yield (Y) 0.2 White, Braddock
Benzene half saturation constant (Kb) 1,000  n g/1 White
Anaerobic degrader biomass 4300 cells/ml White, Braddock
Aerobic degrader biomass 0 cells/ml —
5.0 METHODS
5.1 Site Description
The study area is located south of the Chena River on Ft. Wainwright (Figure 5). 
Wegner (1998) documented the construction of each data-collection site in detail. In 
1997, a line of monitoring wells were installed extending approximately 300 ft. (90.63 m) 
perpendicular to the river. The line of wells is consistent with a cross section of the 
alluvium parallel to the direction of ground water flow. The bank of the Chena River is 
not vertical. A measuring point at the edge of the river during low stage was used to 
determine horizontal distances. The surface of the river is approximately 15 ft. (4.53 m) 
below the ground surface elevation at the study site at low stage.
The site selection for the three continuous data collection sites was such that the 
transient hydraulic conditions caused by the rapid rise and fall o f the Chena River stage 
could be observed. The installation of the sites perpendicular to the river allows for a 
cross-sectional analysis of the surface water and ground water interactions.
The sites are also adjacent to an area of known benzene contamination originating 
from the southeast side o f building 1070. From 1995 to 1998, USGS and UAF-WERC 
measured benzene concentrations in wells located adjacent to building 1070 (Figure 5). 
Although the three continuous data collection sites are not within the contaminated area, 
their locations are ideal for understanding the change in geochemical parameters during 
transient hydraulic conditions governing the adjacent area that is contaminated.
The following subsections summarize the construction of each data-collection 
site. A detailed description of site-construction is provided by Wegner (1998).
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Figure 5. Project site (after CH2M Hill, 1999).
5.1.1 Site W1
A 6-inch hollow stem auger with an inner diameter of 4-inches was used to bore 
three holes to a depth of 40 ft., 20 ft. from the bank of the Chena River. Two-inch 
screens (10 slots/in.) were cut with a hacksaw across several one-inch PVC pipes. 
Clusters of two to three monitoring wells were installed at different depths for a complete 
representation of the aquifer. The commercial well screen for the 2-inch PVC pipe water
table well is 12.5 feet in length. A pressure transducer was installed inside the water 
table well and then connected to a Campbell Scientific CR-10 data logger located at the 
site. A string of 25 thermistors was affixed to a 1-inch PVC pipe and lowered down a 
bore-hole. The thermistors were placed in sequence along the PVC pipe from 10 to 30 
feet below the ground surface. The thermistor string was then connected to a Campbell 
Scientific CR-10 data-logger. Six feet of metal casing was installed over each boring 
with 3 fit. remaining above ground. Metal instrument cases were welded on top of the 
casings to provide security for the wells and the instrumentation. To ensure the wells 
were nested in unconsolidated fill, the auger was counter-rotated while being slowly 
removed from each boring (Wegner, 1998).
5.1.2 Site Pit-1
A series of wells were installed in a 23 (~7.01 m) ft. deep pit excavation, 100 ft. 
from the Chena River, in October 1996. A water table well, constructed of 2-inch PVC 
pipe with a 12.5 ft. screen, was drilled to a depth of 22.5 ft (-6.86 m). A pressure 
transducer affixed to the water table well was wired to a data-logger located at the site. 
Several monitoring wells constructed o f 1-inch PVC pipe, each with 2-inch well screens 
at different depths, were installed for a complete representation of the aquifer. A string o f 
25 thermistors was affixed to a 1-inch PCV pipe between 0 and 18 feet and placed into 
the pit. The thermistors were then connected to a data-logger. Eighteen time domain 
reflectometry (TDR) probes were placed in the north wall o f the pit to measure soil 
moisture content at different depths. A second CR-10 is used for the collection of the
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TDR data. The excavation was carefully back-filled by an excavator. A TDR unit used 
to calculate the soil moisture content was placed in an instrumentation shelter at the 
surface. Instrumentation shelters containing the data-loggers and well casing shelters 
were installed around the monitoring wells (Wegner, 1998).
5.1.3 Site Pit-2
A second excavation identical to the Pit-1 pit was created 275 feet from the river 
bank and denoted as Pit-2. A water table well constructed out of 2-inch PVC pipe with a 
12.5 ft. screen was placed into the excavated pit. A pressure transducer affixed to the 
water table well was wired to a Campbell Scientific CR-10 data-logger located at the site. 
Several monitoring wells constructed o f 1-inch PVC pipe, each with 2-inch well screens 
at different depths, were installed for a complete representation o f the aquifer. A string 
of 15 thermistors was affixed to a 1-inch PCV pipe between 7 and 18 feet and placed into 
the pit. The thermistors were then connected a CR-10 data-logger. The excavation was 
carefully back-filled with an excavator. An instrumentation shelter containing the data­
logger and well casing shelters were installed around the monitoring wells (Wegner, 
1998).
The orientation and location of the study area is ideal for analyzing ground water 
and surface water mass interactions. Data collected from the study site was used to test 
the validity of transport calculations performed by the BIOMOC model.
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Figure 6. Depths of thermistors, TDR probes, lysimeters, and water table wells at W l, Pit 1 and Pit 2 (After Wegner,1998).
W1 PIT 1 PIT 2
TDR Probes 
Temp, thermistors 
Piezometer Screen Depths 
■ Pressure Transducer Piezometer 
Suction Lysimeter
5.2 Conceptual Model
Ground water and surface water flow are treated as two-dimensional. The Chena 
River is a sink and source at the northern end of the cross-section. When the Chena River 
stage rises, bank recharge occurs, and bank discharge occurs as stage declines. The 
Chena River is treated as a ground water divide which assumes that no ground water 
flows under the Chena River. The aquifer system is the source of water on the southern 
end of the cross section. The alluvial aquifer is assumed to be a homogeneous and 
anisotropic system. The alluvium/bedrock interface is assumed to be a no-flow boundary 
at a depth of 99.3 ft. (30 m) and is the vertical extent o f the model. Recharge and 
evapotranspiration are assumed to be negligible (Nakanishi and Lilly, 1998).
t
5.3 Numerical-Model Construction
The BIOMOC model grid was constructed to be compatible with Nakanishi and 
Lilly's (1998) MODFLOW model grid. The grid represents a cross-sectional slice of the 
aquifer 99.3 ft. (-30 m) thick, 390.58 ft. (-118 m) long, and unit width of 1 ft. (-0.305 
m). The boundary conditions and hydrogeological parameters of the numerical grid were 
defined by Nakanishi and Lilly's MODFLOW simulation of ground water and surface 
water interactions and steady-state initial conditions.
The study sites Nakanishi and Lilly used for calibrating MODFLOW simulations 
are located approximately 1000 ft. down stream of the sites used in this study. Water 
levels and hydraulic gradients are comparable for each site.
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Nakanishi and Lilly's numerical model grid contains 45 columns, 1 row, and 11 
layers for a total o f 495 cells (Figure 7). The total length and thickness of the grid is
9.000 ft. (2719 m) and 1,032 ft (~312 m), respectively. This cross-sectional slice of the 
aquifer is one foot wide. The BIOMOC model grid represents 10 columns, 1 row, and 6 
layers o f The cross-sectional MODFLOW model grid, which includes a profile of the 
Chena River at the north boundary and three monitoring wells extending from the 
simulated riverbank. The BIOMOC cross-sectional slice is 1 ft (0.305 m) wide. This 
grid was chosen to match study site conditions and describe the details of surface water 
interactions with benzene contaminated ground water.
Nakanishi and Lilly defined the boundaries o f the MODFLOW model grid with 
time-variant specified head cells at the north and south boundaries. Water levels 
measured in the field were used to calibrate the model. They used a systematic 
progression of testing boundary conditions for the model, initial head conditions, time 
discretization, and aquifer properties. The primary area of calibration was the northern
1.000 ft. o f the model. This calibrated MODFLOW model defines the boundary 
conditions for BIOMOC in this study.
Chena River stages collected during the summers o f 1995 through 1998 and water 
levels at FWM5756 collected during the summer o f 1995 were used in a regression 
analysis to determine the water levels in well FWM5756 for 1996 through 1998 (Figure 
8). The regression analysis is in the Appendix. These data sets were used to designate 
water levels at the time-variant specified head boundaries of the MODFLOW model. 
Chena River data used in the MODFLOW model did not include winter recession.
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:
33
1/1/95 7/1/95 1/1/96 7/1/96 1/1/97 7/1/97 1/1/98 7/1/98 1/1/99
Figure 8. Chena River stage data and monitoring well FWM5756 water levels used to 
define time-variant specified head boundaries in The cross-sectional MODFLOW model 
(1998).
BIOMOC allows two types o f boundary conditions: constant head or prescribed 
flux. Prescribed flux boundaries were used in this study to simulate transient hydraulic 
conditions. Pumping/injection wells were placed at the appropriate nodes of the model 
grid to define prescribed flux boundaries in BIOMOC. Initial conditions giving the 
starting heads o f the transient simulations were determined by a steady-state model run of 
the latter half of winter recession when large changes in ground water flow rate and 
direction do not occur.
BIOMOC requires the model grid be surrounded by a no-flow boundary, resulting 
in the first and last cell o f every column and layer to be a no-flow cell (Figure 8).
Columns 2 through 15 and layers 2 through 4 of the BIOMOC model grid represent half 
o f the profile of the Chena River. The riverbed was defined by a series o f 14 
pumping/injection wells in layer 4 at the north end of the model. These cells represent 
the MODFLOW cell in column 1, row 1, layer 3. The riverbank is defined by two 
pumping/injection wells in column 15, row 1, layers 2 and 3. These cells represent the 
MODFLOW cell in column 2, row 1, layer 2. The regional ground water flow from the 
south end of the model is defined by a series of 28 pumping/injection wells in column 
117, layers 2 through 29. These cells represent MODFLOW column 10, row 1, layers 2 
through 6 (Figures 7 and 9).
Cell-by-cell fluxes calculated by MODFLOW for each stress period were used to 
define prescribed flux boundaries, or pumping and injection rates at appropriate nodes, of 
the BIOMOC model grid. Ground water and surface water fluxes of the cells defining 
the Chena River in the MODFLOW model grid were used to define the northern 
boundary o f the BIOMOC model grid. Ground water fluxes calculated in column 10 of 
the MODFLOW model were used to define the southern boundary o f the BIOMOC 
model. Time-variant flow was computed by defining a series of pumping periods in the 
BIOMOC input file. Each pumping period is equivalent to a MODFLOW stress period. 
Fluxes from appropriate cell faces in the MODFLOW grid for each stress period were 
reported and used to prescribe the flux at each boundary of the BIOMOC model. Winter 
recession is approximated by repeating the last pumping period of each summer until the
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Figure 9. BIOMOC numerical model grid overlaying MODFLOW model grid.
beginning of the next data set. A total of 682 pumping periods represent hydrologic years 
1995 through 1998 in the BIOMOC model.
The MODFLOW model assumes the Chena River is a ground water divide. This 
means no ground water flows under the Chena River in the simulations. The error 
introduced by this assumption is not significant for the purpose of analyzing aquifer 
properties, however, the error is significant when studying solute transport. The errors 
are caused by two-dimensional effects in a three-dimensional flow regime and the use of 
specified head boundaries to constrain the MODFLOW model. By specifying heads at 
either boundary, only the water levels are controlled, not the volume of water entering 
and leaving the system at particular cells. Assuming there is no ground water flow 
beneath the Chena River requires the entire water budget to discharge into the river, 
through the riverbed and the riverbank. This results in relatively high flux rates into and 
out of the river. This introduces considerable error in ground water velocities near the 
river when prescribed flux boundaries are used. The amount of draw-down caused by 
pumping rates of wells defining the Chena River results in dramatic increases of 
hydraulic gradients close to the river. This increases the ground water velocity 
considerably adjacent to the river. The effect on the southern boundary is not as dramatic 
but apparent. However, at a distance from each boundary, ground water velocities 
approach realistic values. Ground water velocities range from 210 ft/day to 6.10 ft/day in 
the BIOMOC model.
Figures 10 and 11 show the horizontal ground water velocity profde for the first 
fifteen days of the simulation in layers 2 through 5. During this period, the first bank
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Figure 10. Horizontal ground water velocity profiles of BIOMOC layers 2 and 3.
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Figure 11. Horizontal ground water velocity profiles o f BIOMOC layers 4 and 5 
(Please note differences in y-axis scales).
recharge event of 1995 causes the changes in ground water velocity. Ground water 
moving toward the river and discharging has a negative velocity, ground water moving 
away from the river has a positive velocity. During the first fifteen days of the simulation 
(4/12/95 through 4/27/95), the ground water gradient reverses, resulting in bank recharge. 
The plots show the erroneous ground water velocities near the river, and especially 
beneath the river in layers 4 and 5 of the BIOMOC model (Figure 11). The sharp 
velocity change near the boundaries o f the model, generally seen on the plot as a near 
vertical line crossing the zero axis, is due to the presence of the no-flow boundary 
directly adjacent to pumping/injection wells defining the prescribed flux nodes of the 
model grid.
The area being studied to determine simulated changes in geochemistry and 
microbiological activity is directly adjacent to the model boundaries where the greatest 
instability occurs. The stability of BIOMOC calculations is directly related to ground 
water and surface water fluxes. It is understood that a certain amount of ground water 
discharges into the Chena while the majority flows beneath the Chena River to the west 
with the regional ground water flow. The volume or percentage of the water budget that 
flows beneath the Chena River is unknown. The use of Nakanishi and Lilly's 
MODFLOW model to define the flow system is the best approximation of transient 
hydraulic conditions at Ft. Wainwright.
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After MODFLOW was used to calculate ground water fluxes in the system for 
1995 through 1998, the fluxes were used to define the boundaries of the BIOMOC model. 
The BIOMOC model was tested by comparing the simulated transport of a conservative 
solute with data collected in the field. The conservative solute is alkalinity as CaC0 3 . 
Alkalinity measurements were taken periodically during spring and summer 1997. In 
1997, bank recharge only occurred during spring snow-melt. Figure 12 shows the change 
in alkalinity with depth, twenty feet from the Chena River observed in the field. Changes 
in alkalinity were not detected beyond 20 ft. from the river. The changes in alkalinity 
were used to determine the percentage of ground water replaced by surface water. 
Flinzman et al. (in review) determined 64 to 68 percent of ground water was replaced by 
surface water at 22.5 feet below the ground surface at 20 ft. from the river during the 
bank recharge event. However, alkalinity measurements were not taken during peak river 
stage, but a few days after. Figure 13 shows the simulated change in alkalinity during the 
1997 spring melt bank recharge event.
The alkalinity o f Chena River water varies from 56 to 96 mg/1 throughout the 
season. Field data show rapid changes in alkalinity occur just before break-up when 
snow melt is being added to stream discharge. An average value of 76 mg/1 is used in the 
simulation.
The percentage of mixing between ground water and surface water determined by 
the simulation is higher when compared to field observations. The simulation shows 
approximately 80 percent of ground water being replaced by surface water at 21.62 feet
40
6. MODEL SIMULATIONS
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Figure 12. Alkalinity versus depth at FWM7331, April 18 through May 9, 1997.
below the ground surface. Observed changes in field alkalinity data vary considerably 
with depth. In contrast, simulated changes in alkalinity do not vary considerably with 
depth . The simulation shows a larger vertical extent of mixing than field 
measurements. The greatest change in simulated alkalinity occurs at 22 ft. below the 
ground surface. The large volume of simulated water discharging and recharging from 
the river results in much greater solute fluxes close to the river.
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Figure 13. Simulated alkalinity versus depth 20 ft. from the river.
Velocity distribution close to the river greatly affects the solute transport. The 
simulation's temporal response to the bank recharge event is faster than that observed in 
the field. The simulation attenuates the bank recharge event approximately 3 to 4 days 
before field data shows. This is due to dramatic increases in hydraulic gradient close to 
the river caused by large pumping/injection rates at nodes defining the river resulting in 
high ground water velocities.
The constraints and assumptions of the BIOMOC and MODFLOW two­
dimensional models significantly affect solute transport analyses when interpreting small- 
scale effects of transient hydrology. The cross-sectional MODFLOW model utilizes 
time-variant specified head boundaries (1998). The no-flow boundary defining the model 
grid below the river forces the entire ground water flow regime to discharge into the cell 
simulating the Chena River. The use o f specified-head boundaries with this condition 
will not affect the water levels or river stage in the simulation, however an unlimited 
volume of water can discharge and recharge from the river.
Accurate solute transport analyses require precise water budget calculations. The 
concentration of contaminants is sensitive to ground water fluxes. The transport o f 
contaminants depends on the ground water velocity. The cross-sectional MODFLOW 
model assumes there is no ground water flow beneath the Chena River. When fluxes 
calculated by the MODFLOW model were used to define the BIOMOC model .
boundaries, high ground water velocities result. This supports estimates that a 
component of the ground water flow must be flowing beneath the river. The amount of 
water flowing beneath versus discharging into the Chena River is unknown.
The position and type of boundaries in the BIOMOC model limit transport and 
biodegradation simulations. The north end of The cross-sectional MODFLOW model is 
defined by the Chena River which is a hydrologic source and sink. Field data for the area 
directly to the north of the Chena River at the study site is not available. When 
prescribed-flux boundaries, which use pumping/injection wells, are used directly adjacent
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7. MODEL LIMITATIONS
to no-flow boundaries, draw-down levels are falsely large. Thus ground water velocities 
are high near the boundaries. Farther away from the boundaries, ground water velocities 
approach correct values, but are still high. The BIOMOC model is stable, however 
calculations of transport and biodegradation directly adjacent to the river are erroneous.
In order to accurately simulate transport and biodegradation o f solutes utilizing this 
modeling approach, a component of the ground water must flow beneath the simulated 
Chena River so that the correct ground water discharge rate into the river occurs.
Losses o f benzene contamination due to processes other than anaerobic 
biodegradation are not accounted for in this simulation. Other natural attenuation 
processes such as volatilization, aerobic biodegradation at the water table, and chemical 
decay are not included in the BIOMOC model. Low concentrations of dissolved oxygen 
have been reported in the Chena Alluvium aquifer at Ft. Wainwright (Braddock et al. 
1998) suggesting in-situ conditions could support aerobic microbes. However, limited 
data are available showing aerobic and anaerobic biodegradation potential measured in 
the lab is actually realized in the field. Model simulations provided in this thesis utilize 
conservative biodegradation parameters. Improved simulations are possible when more 
microbiological field data becomes available. The addition of more biodegradation, 
sorption, and chemical processes would significantly affect the results o f these BIOMOC 
simulations.
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8. RESULTS AND DISCUSSION
BIOMOC was used to interpret the effects of transient hydraulic conditions on 
transport and biodegradation of benzene contamination in the OU5 area at Ft.
Wainwright from 1995 to 1998. The benzene biodegradation rate used in the model was 
0.0002 d '1 (Borden et al. 1997). This is the average rate o f anaerobic degradation over 
the entire simulated benzene plume. Utilizing this rate, the simulation shows 
biodegradation of benzene to be practically nonexistent.
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Figure 14. Simulated concentrations of benzene at three different distances from the
river.
Approximately 0.003 % of the total benzene entering the ground water is 
biodegraded, 0.6 % is adsorbed onto soil, and the remainder exits the system into the 
river. Reactions in the vadose zone are not modeled. Vadose zone activities could 
significantly affect the rate of biodegradation and adsorbtion of benzene in the system.
Dispersion and advection affect the benzene concentration distribution. In the 
simulation, ground water discharging into the Chena River has benzene concentrations 
ranging from 2 to 8 pg/1. The portion of the simulation representing 1995 shows 
significant contaminant transport away from the river during high river stage events 
(Figure 14). High river stage events resulting in bank recharge throughout the simulation 
are shown by the changes in benzene concentrations. When bank recharge occurs, a 
sharp decrease in benzene concentration occurs as surface water is replacing 
contaminated ground water. The benzene concentrations then return to the levels they 
were prior to the event. The duration o f each bank recharge event determines to what 
extent the benzene is retarded before discharging into the river. ■
During the winter recession o f 1995 to 1996, benzene concentrations gradually 
increase until the 1996 portion of the simulation. Benzene concentrations then decrease 
and stabilize for the remainder of the simulation, with instantaneous changes due to 
minor bank recharge events. The simulation shows that reversals in hydraulic gradient 
during peak river stage events increases the time required for contaminants to discharge 
into the river. The rising and falling o f the water table creates a smear zone in the 
unsaturated zone of the aquifer material, which is not included in the simulation. This 
could significantly affect the rate of biodegradation and contaminant transport in the
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natural system by moving the contamination into an area with sufficient oxygen for 
aerobic bacteria to utilize benzene as a carbon source.
It is possible that large hydrologic events, similar to those seen in 1995, in 
succession could change the amount of dissolved oxygen available in the system by the 
in-flux o f fresh surface water and movement of the water table into the unsaturated zone. 
This would result in aerobic biodegradation of benzene which is much more effective 
than anaerobic biodegradation. However, insufficient data is available to distinguish 
between geochemical and microbiological utilization o f dissolved oxygen during bank 
recharge events at Ft. Wainwright.
Figure 15 shows profiles of benzene concentration along the model cross section 
for selected times during the simulation. The only time benzene concentrations are 
significantly different is during the winter recession of 1995 to 1996 (simulation days 200 
to 395, 10/30/95 to 5/15/96). The simulation indicates that essentially all o f the benzene 
in the system eventually discharges into the Chena River at a concentration of 2 to 8 pg/1.
The constraints placed on the model limit the ability to precisely describe the 
natural system. The use of specified head boundaries in the MODFLOW model increases 
the instability o f the BIOMOC model because simulated discharge rates into the Chena 
River are too great. However, the BIOMOC model does converge. Mass balance 
residual calculations done by BIOMOC show a 10 % error in the chemical mass balance.
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Figure 15. Profile of benzene concentration along model cross section throughout 
the simulation.
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Figure 16 shows a comparison between field measured and simulated benzene 
concentrations. Field measurements show that benzene does not discharge into the 
Chena River. By the end of the simulation, benzene concentrations are less than field 
measurements at the up-gradient end of the cross-section, and greater than field 
measurements at the down-gradient end of the cross-section. The simulation follows the 
general trend of decreasing benzene concentrations with decreasing distance from the 
river.
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Figure 16. Comparison of the BIOMOC simulated benzene distribution in layer 2 (18 ft. 
below ground surface) and the measured benzene distribution (10-20 ft. screen depth).
Field measurements indicate that processes not accounted for in the BIOMOC 
model simulations affect the benzene transport. Natural attenuation processes such as 
volatilization, aerobic biodegradation, and chemical decay are not included in this 
BIOMOC simulation. The addition of more biodegradation processes and losses due to 
chemical processes into this BIOMOC model simulation would significantly affect the 
simulated benzene distribution.
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9. SUMMARY AND CONCLUSIONS
The BIOMOC model shows anaerobic biodegradation and adsorbtion of benzene 
in the saturated zone at Ft. Wainwright are negligible close to the river. The simulation 
suggests that the benzene plume ultimately discharges into the river. Dispersion and 
advection affect the benzene concentration distribution in the system, causing the 
concentration of benzene to decrease from 20 pg/1 at 300 ft. from the river to 2 to 8 pg/1 
directly adjacent to the river. Field data collected by the CH2M Hill (1999) does not
i
support this finding. Field measurements show benzene concentrations to be relatively 
stable and not discharging into the river. The simulation shows instantaneous changes in 
hydraulic gradient directly adjacent to the river affect the ultimate fate of benzene 
contamination by retarding contaminant transport to the river. The only period with 
significant changes in river stage in this study are during 1995. The stage levels of the 
Chena River from 1996 to 1998 were uncharacteristically low. Hydrologic years similar 
to 1995 in succession could affect benzene concentrations significantly.
The average ground water velocity calculated by the model is at least three times 
greater than the reported value for the Ft. Wainwright area (Lawson, personal comm.). 
This causes the simulated benzene plume to discharge into the river prematurely. 
Dispersion, advection, and biodegradation would affect the concentration of benzene in 
the system to a greater extent if the simulated ground water velocities were slower (Bums 
et al. 1999).
Simulated benzene concentrations discharging into the Chena River are greater 
than field measurements show (CH2M Hill, 1999). However, processes occurring in the
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unsaturated zone are not simulated and could greatly affect the concentration of benzene 
discharging into the river. Processes not accounted for in this model are affecting 
benzene concentrations before discharging into the river.
A few of the complexities of modeling solute transport and biodegradation during 
transient hydraulic conditions have been introduced in this report. Bank recharge events 
must be continuously monitored and complex modeling efforts are required to precisely 
and accurately describe the system surrounding the Chena River.
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10. RECOMMENDATIONS
It is recommended that contaminant transport modeling be continued in the OU5 
area on Ft Wainwright. The complexity of the hydro logic, geochemical, and 
microbiological systems requires robust modeling approaches. Three-dimensional 
analysis is highly recommended. This report provides an initial understanding to 
modeling the small-scale effects o f instantaneous hydrologic events on benzene transport 
and biodegradation in ground water. Further analysis of ground water discharge rates 
into the Chena River is needed to precisely describe the hydrology of the system. This 
will greatly affect two-dimensional and three-dimensional analyses o f interactions 
between the Chena River and the alluvial aquifer.
BIOMOC input parameters for biodegradation and chemical decay can be 
modified. When sufficient field data become available concerning the processes 
governing the ultimate fate of benzene in the OU5 area, the BIOMOC model simulations 
can be modified to reflect those findings.
Modeling contaminant transport in the unsaturated zone is needed. The affects of 
contaminant smearing in the vadose zone due to the rising and falling of the water table 
are unknown. The amount of aerobic versus anaerobic biodegradation of benzene in the 
saturated and unsaturated zones is unknown. Factors controlling chemical degradation 
are unknown. Additional modeling efforts and in-situ process studies are needed to fully 
understand the fate o f contaminants close to the Chena River.
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12. APPENDIX
Regression analysis of Chena River and monitoring well FWM5756 1995 data to 
determine water levels at FWM5756 for 1996 through 1998. All calculations performed 
using Origin 5.0.
CHENA RIVER STAGE, FT. ABOVE SEA LEVEL
